Abstract-Due to lack of GPS signals' indoor coverage, the implementation of Signals of Opportunity (SoOp) such as FM signals, Wi-Fi, Bluetooth, RFID, and Cellular Networks for indoor localization has been considered. Not all SoOp are good performers because of some constraints; for instance, lack of accuracy, higher cost in deployment, additional hardware requirements. In this research, a new method of indoor localization is developed using AM radio signalsand thereceived signal strength fingerprinting technique. The fingerprinting technique in this study uses the deterministic approach and three algorithms, Nearest Neighbour, K-Nearest Neighbour, and KWeighted Nearest Neighbour to measure the mean distance error as the indicator of positioning accuracy. The outcome shows that the minimum mean distance error at the ground and first floor is less than 3m and the Nearest Neighbour algorithm performed best with K=1.
I. INTRODUCTION
Since the invention of location tracking technologies, not all have been capable of operating in all environments. Due to accurate information and precise localization capability, the GPS (Global Positioning System) and GNSS (Global Navigation Satellite Systems) more generally are widely accepted as accurate location tracking technologies in all fields [1] . However, their tracking ability fails in some environments especially inside buildings, tunnels, caves, urban canyons, underwater and covered locations. Because of weak RSS (Received Signal Strength) and lack of visibility of satellites in the environments mentioned, GNSS can fail to operate [2] .
Indoor positioning is becoming popular and crucial due to rapid commercial growth and user demand for LBS (LocationBased Services) and SNS (Social Networking Services) [3] , such as safety and emergency services, navigation and guidance, tracking, military services, logistics and product marketing [4] . Unlike standard mobile services, Location Based Services (LBS) are used in mobile applications where users' current locations are implemented to serve contextaware functionality. Based on the known location of a user and unlike standard mobile services, LBS offer new and enhanced stages of services to a consumer. Applications of LBS serve many kinds of human mobility purposes [5] , and this is why indoor localization systems are gaining popularity in every aspect of life where mobility matters.
For indoor positioning, non-satellite-based RF signals, known as Signals of Opportunity, are becoming promising due to having advantages of sufficient coverage for geo-location in urban and indoor environments over the limitations of GNSS technologies [6] .
The main benefit of the signals of opportunity is having a stronger signal level at a lower frequency, which enables the signal to propagate through walls or other barriers [7] .
Three basic sources: radio, light, and sound have been implemented for signaling techniques used for indoor positioning, for instance, Locata [8] , infrared [9] , visual sensors [10] , cricket [11] and ultrasonic badges [12] . In the past, some of the conventional and well-known SoOPs has been highlighted in various research such as Bluetooth, DVB TV signal, GSM mobile signal,WLAN, WiFi [6] and FM radio signals [13] .
Our investigation conducts indoor localization using Amplitude Modulation (AM) radio broadcast signals. With some advantages such as extensive signal coverage across the 978-1-5090-6299-7/17/$31.00 ©2017 IEEE urban environment, no requirements of any additional transmitters, sensors, or beacons, and the ability to use receivers with minimum power usage, the deployment of AM signal shows potential for indoor positioning.
Though AM signal based navigation utilized strong transmitted signals, the long wavelengthand smallbandwidth of AM signals were expected to cause some problems.
There are several common and widely used navigational techniques available such as Triangulation including Time of Arrival (TOA), Angle of Arrival (AOA), Time Difference of Arrival (TDOA) and RSS (Received Signal Strength), Proximity, Scene Analysis, and Data Recording. However, a prior study using FM showed that due to lack of timing information in the FM signal, using unsynchronized FM signal to perform TOA, AOA or TDOA is not practical [1] . Considering the factors related to FM, this research proposed to perform indoor navigation using the RSS technique.
The RSS-based method employed in this research for indoor navigation is called fingerprinting. Methods based on signal propagation modeling can also be used for positioning, but attenuation of the propagated signal due to multipath and other environmental effects and attenuation caused by the materials and structure of the building have a significant impact on the stability of the signal propagation model for indoor navigation. Recent studies have shown how fingerprinting can exploit multipath and NLOS [5] .
The fingerprinting method consists of two stages: a) Training stage or Offline stage, and b) Positioning Stage or Online stage.In the training phase, the user creates a database containing Reference Points (RPs) which consist of location information parameters including location coordinates and the RSS from several transmitters (this vector is the "fingerprint") [14] . Later, in the positioning stage, the user has a vector of RSS measurements (a fingerprint) which are compared to those of the RPs stored previously in the database in the training stage [13] , and a position is calculated based on the proximity of the fingerprints.
Fingerprinting was used for AM because AM signals are mostly available indoors and no additional transmitters need to be installed [1] [15] . Secondly, the fingerprinting method does not depend on time synchronization. Thirdly, the effect of multipath is not required to be considered in compare to other distance based measurements [1] [16] , except that it is intrinsic to the variation in fingerprints exploited in the method. Nevertheless, the considerable drawback of this method is that it requires a significant amount of time and labor to construct the database [17] .
Several studies have been performed in recent years [13] [18] on indoor positioning using FM radio signals, and the results were compared to the outcome of Wi-Fi fingerprinting. However, to our knowledge, no one has ever conducted AM signal based indoor localization till now. This paper consists of five sections where section II describes the fingerprinting technique, section III explains how the experimental setup was carried out to perform AM fingerprinting, and section IV includes results and analysis. Lastly, the conclusion is presented in section V which includes some plans for future work.
II. FINGERPRINTING TECHNIQUES
A fingerprinting technique consists of two stages: a) Training Stage, and b) Positioning stage [1] .
A. Training Stage:
The primary function of this step is to develop a database for a set of RReference Points (RPs) where ( 1: ). Each RP consists ofa number Ssamples of the Received Signal Strength (rss). These rssvalues are obtained from a maximumQ specified AM radio channels (CH) for a specified duration which are averaged by the total number of samples ( 1: ). The RP information in the database also contains the Cartesian coordinates in , of the known locations in twodimensional space of the intended experimental area for which the rss measurements are recorded. As this research will conduct an experiment with AM signals, the size of the database will vary depending on the number of RPs, and Radio Channels received. The database is described as follows (1).
B. Positioning Stage:
Similar to the training stage, a user's unknown position is calculated. In our experiment, a database was created which is also referred as Test Points (TPs). The TPs are later matched and compared to the RP database through various algorithms amongst them Nearest Neighbour (NN), K-Nearest Neighbour (KNN) and K Weighted Nearest Neighbour (KWNN). Therefore, if the positioning database has a set of TTest Points (TPs),where ( 1: ),contains the averagerss values of number samples ( ́ 1: )from the specified AM radio channels (CH), then the TP equation is as follows (2) .
, , = In the positioning phase, a user's position can be determined based on two types of positioning approaches: a) Deterministic Approach b) Probabilistic Approach [13] .
Due to the simplicity, we utilize the deterministic approach in this experiment. In the deterministic approach, position estimations are calculated based on three standard algorithms NN, KNNand KWNN as mentioned previously. In the NN algorithm, a TP or user's unknown location is found by searching for the nearest neighbor of its fingerprint to, or the closest RP, based on their average rssvalues stored in the database, using either the Euclidean or Manhattan distance. Fig.1 shows the system diagram of fingerprinting technique using the deterministic approach. The Euclidean distance formula [13] is as follows (3):
The KNN algorithm finds the location based on averaging the coordinates of the K nearest points of RPs. The KWNN algorithm performs weighted averages of coordinates of the K nearest neighbors with the weights defined by the inverse of Euclidean Distance [1] . Li [5] showed in his Wi-Fi fingerprinting experiment that the NN method had less accuracy than KNN and KWNN, but this criterion of precision also depends on the distances between RPs. If distances between RPs are large, the NN performs better with higher accuracy [5] .
III. EXPERIMENTAL SETUP

A. Experimental:
The site for this research is located on ground floor and the first floor of G6, Block House on the UNSW campus. The total area of the test bed is 28m by 12m, which is a classroom environment including desks and chairs, corridors, and malefemale and disabled toilets as shown in the Fig. 2a and Fig. 2b . As the experiment is indoor based, longitudinal and latitudinal information do not carry significance in the test bed and a local (x, y) coordinate system was used. The test consists of 51 Reference Points (RP) marked inred, and 20 Test Points (TP) marked inblue. Thetest site is divided into two floors: Ground floor and First floor. The ground floor has 29 RPs with 13 TPs, and the first floor has 22 RPs with 7 TPs. In the AM experiment, a total of 8 Sydney-based AM radio broadcasting channels (see Table I .) with the strongest reception are used. The frequency band in Australia for AM radio broadcast is 526.5kHz-1606.5kHz (see Fig. 3 ) [19, 20] . A site survey using a conventional AM/FM radio receiver for testing the presence of AM signal reception in the experimental site was an essential prerequisite of this experiment. The current site, building G6 Block House was selected after the failure to receive AM signals in the previously proposed test site E10 Material Science and Engineering Building. This building is made of steel and glass material, effctively making the building a Faraday cage at AM frequencies. Variation in the sampled RSS from an individual station is due to noise, and variation between stations is due to multipath and variation of RF propagation.The data acquisition time for RSS measurement for each RP and TPwas 12 seconds and 120 measurements (S=120) are taken during that time (see Fig. 4 ). The experiment was performed after hours of regular class schedule when students were not present.
B. Data Acquisition
The AM signal based test is conducted with a Tektronix RSA306 USB Real Time Spectrum Analyzer operated usingsignal acquisition and analysis software SignalVU; both products are manufactured by Tektronix (see Fig. 5 ). The device has the capability to receive and analyze a signal range from 9kHz to 6.2GHz with the measurement range from +20 dBm to -160dBm with a maximum sampling rate of 112 Ms/s [21] . A telescopic AM radio antenna is used with RSA306 for AM signal reception. All measurements are saved in Matlab compatible files, which are later analyzed in Matlab.
IV. EXPERIMENTAL RESULTS AND ANALYSIS
This section examines the results based on two criteria: K value and number of channels. Euclidean distance was used for errors between the estimated position and the actual position (TP position). The means of the measured errors, based on three algorithms NN, KNN and KWNN, are indicated as Mean Distance Error (MDE) [1] , and the relationship between the K values of these algorithms and the MDE is shown in Fig. 6a and Fig. 6b . The NN algorithm is presented with the value of K=1 and the overall trends of MDE in Fig. 6a on the ground floor is upward, withthe best performance determined based on the lowest value of MDE. In the result fromthe ground floor, the best K value with the minimum MDE is 1 indicating the NN method performed best with MDE of 2.76m. In other words, MDE has considered only one nearest neighbor (K=1) to estimate the position. For K=2 in Fig. 6a hasthe second-bestperformance for KNN and KWNN with the MDE of 3.295m and 3.04m respectively. Fig. 6b for the first floor shows that the lowest MDE of 2.954m usesthe NN method, 19.4cm less than forK=1 at the ground floor. Similarly, the MDEs for KNN and KWNN at the first floor have anincreasing trend, as was the case for the ground floor. Although the NN method hasthe higher accuracy in both Fig. 6a and Fig. 6b , the KWNN algorithms demonstrate better performance than the KNN. Fig. 7a and Fig. 7b for two floors present the Cumulative Distribution Function (CDF) of distance error when K=2. On the ground floor, NN has the maximum error of 5.5m whereas KNN and KWNNhave 7m. At the 61st percentile KWNN and KNN have the upper probabilities of less error at 3m than the NN. Though the same error occurs at 3m for the NN at the probability of 53.85%, the KWNN performs better between 40th and 70th percentiles. On the contrary, NN, KNN, and KWNN at the CDF on the first floor have the maximum error of 6m, 7.7m, and 6.5m respectively, which are shown in Table  II evenly distributed throughout a single room, for instance, the KNN and KWNN would show better results. Therefore, our observation from the result says NN algorithm suits best for this AM fingerprinting experiment but not necessarily in all cases. In this case, the NN algorithm provides the best results.
A total of 8 major AM broadcasting channels are used for this experiment. However, some of the transmitters transmit multiple channels from one antenna. Thus, the next thing to investigate is the effect of the number of channels on the accuracy of positioning. The first part of this experiment removes 50% of the total number of channels to 4 which are transmitted from one single transmitter, and the comparison between MDE for 8 channels and 4 channels on both floors is given in Table III . The KWNN method performs best on the ground floor using 4 channels(see Table III .) withlowest error difference of 28cm compared to 8 channels output. However, the NN method appeared the best with the least error difference of 9.4cm on the first floor. Though the difference of MDE between 8 and 4 channels for KWNN is not very significant, the NN method on the ground floor shows the significance of error probabilities with CDF (see Fig. 8 ). The CDF in Fig. 8 showsthat the accuracy decreases while the number of channels reducedby 50%. Secondly, we selected only 5 channels transmitted from 5 different transmission antennas to test the spatial diversity [13] . The lowest MDE for 5 channels (see Table IV .) on the ground floor is 3.028m, which is 26.8cm more than 8 channels, whereas the first floor has 22.9cm. The MDE comparison of spatial diversity does not show a significant difference between 8 channels and 5 channels; however, the CDF in Fig. 9 shows there is a clear difference of accuracy in positioning while the number of channels is decreased regardless of any spatial diversity. Comparing 8 AM channels and only the 5 channels with spatial diversity indicates that having more number of channels affects the positioning accuracy even though they are located at the same transmitting tower.
V. CONCLUSION AND FUTURE WORK
The fingerprinting technique for indoor positioning not only can tackle and avoid several issues related to multipath, DOP, Non-Line of Sight but also can provide advantages such as lower deployment cost, high accuracy, and good performance. This study aims to introduce a new way of fingerprinting using AM signals, which has never been conducted for indoor positioning. The AM signal has been considered due to some advantages such as broad area coverage, availability of signal free of cost, and no requirements of additional transmitters, beacons or sensors, whereas a single AM receiver hardware can cover the whole experiment. The deterministic approach was used usingNN, KNN, and KWNN and the outcome of the experiment were analyzed against two criteria: K values and number of channels. The research was carried out on two floors of the same building and the results show that NN method performed best on both floors with minimum distance error of 2.76m and 2.954m respectively. In the light of FM fingerprinting experiment [1] where the best mean distance error was 2.96, we can conclude that AM and FM fingerprinting give similar accuracy.
We plan to analyze the results based on the probabilistic approach, and the analysis of results will be evaluated based on extended aspects such as Frequency Diversity and the variation of the number of RPs and TPs. Lastly, the hybrid method by combining AM and WiFi signal will be tested to increase the accuracy of indoor positioning.
